trial fibrillation (AF) is one of the most common arrhythmias managed in cardiology practice and is generally believed to result from reentry. The reentrant circuits are multiple and circulating (the multiple-wavelet hypothesis)1'2; many electrophysiological factors play a role in the development of AF, and like all reentrant rhythms, slow conduction is probably a critical prerequisite in many patients.
Recently, we3 and others4'5 have used the signal-averaged (SA) ECG to characterize atrial conduction delay during sinus rhythm as a marker of risk of AF. With this methodology, a prolonged P-wave duration, recorded and filtered by SAECG techniques modified for P-wave analysis, was strongly associated with prior AF compared with age-and disease-matched control subjects.3 AF occurs in a variety of settings and is generally associated with an increased risk of morbid consequences and even mortality. The ability to define the risk groups for AF would have important clinical relevance. One group in whom the risk is well defined and substantial, yet only short-term, is patients undergoing cardiac surgery. In this group, the incidence of AF is as high as 40%,6 and AF may be associated with hemodynamic instability, thromboembolus, and prolonged hospitalization.
The purpose of this investigation was to evaluate prospectively whether the P-wave SAECG can predict the development of AF 3 (9%), and 4 (8%).
Standard ECG Results
The AF patients had a longer P-wave duration on the standard ECG, but this difference did not achieve statistical significance (Table) . The proportion of patients in whom P-wave duration exceeded 110 milliseconds was 27% in the AF group and 20% in the group without AF (P=NS).
P-Wave SAECG Results
The signal-averaged P-wave duration was significantly (P<.001) more prolonged in the patients who experienced AF than in those who did not experience AF (152±18 versus 139±17 milliseconds); the P wave was 9.5% longer in the AF patients than in the patients who did not develop AF.
The receiver-operator characteristic curve as a function of the SAECG P-wave duration is plotted in Fig 1. Sensitivity and specificity were strongly related to P-wave duration. The occurrence of AF was best predicted by an SAECG P-wave duration >140 milliseconds with sensitivity of 77%, specificity of 55%, positive predictive accuracy of 37%, and negative predictive accuracy of 87%. Maximal specificity (70%) with adequate sensitivity (50%) was present at a P-wave duration of 150 milliseconds. However, positive predictive accuracy was not increased (37%).
If the analysis was restricted to coronary artery bypass graft surgery patients only, the results remained the same. The 24 patients who developed AF had a more prolonged SAECG P-wave duration (156±19 milliseconds) than the 83 patients who did not develop AF (139±17 milliseconds, P<.001).
Logistic regression analysis identified only one variable as predictive of AF: P-wave duration >140 milliseconds on the SAECG. The likelihood of developing AF was increased 3.9-fold (P<.0001) when the signalaveraged P-wave duration was prolonged > 140 milliseconds compared with patients in whom the P-wave duration was not prolonged >140 milliseconds. The addition of EF or LVH to models containing SAECG failed to improve prediction. Neither EF nor LVH was predictive of the SAECG P-wave duration.
Representative SAECG tracings are shown in Fig 2 . Discussion Development of P-Wave SAECG The SAECG has been successfully used to accurately measure the entire ventricular activation period, including delayed conduction through small diseased regions. 8 In several studies,9-11 the total QRS duration on the SAECG has predicted the development of sustained ventricular arrhythmias caused by reentry.
On the basis of these general considerations, similar techniques have recently been applied to analysis of the P wave3-5 and its association with AF. Mechanistically, AF is complex. However, experimental data from Allessie et all strongly support the concept originally proposed by Moe2 that AF is based on the simultaneous random activation of multiple wavelets distributed throughout the atria (the multiple-wavelet hypothesis). Many factors can facilitate the initiation and maintenance of AF according to this model.12 One such factor, common to all reentrant rhythms, is depressed conduction, which would result in prolonged atrial activation, ie, lengthening of the P wave recorded by the ECG.
The SAECG can enhance detection of conduction delay, especially if it occurs late in relatively small portions of the atria. Using SAECG techniques adapted for P-wave recording and analysis, we have previously demonstrated that the presence of a prolonged P-wave duration is strongly associated with a previous history of AF.3 P-wave prolongation predicted AF with an 80% sensitivity and 93% specificity in a sample of AF patients and age-and disease-matched control subjects.
The principal adaptations for P-wave SAECG (compared with QRS SAECG) were P-wave template matching with extremely accurate alignment and change in filtering to avoid ringing artifact and contamination of the P wave by QRS energy.3 Other investigators45 using somewhat different methodology and techniques have recently reported similar success. To date, the evaluation of P-wave SAECG has been tested by use of case-control methods.3-5 This is the first study to prospectively apply the P-wave SAECG for predicting AF. AFAfter Cardiac Surgery AF is common after cardiac surgery, occurring in 5% to 40% of patients.6.13,14 In the present study, we observed an incidence of 25%, similar to previous observations. AF generally occurs within the first week after surgery6; it had a peak incidence on days 2 clinical variables, reduced EF and LVH on ECG, and was independently predictive by multivariate analysis. The optimal SAECG P-wave duration for predicting AF was 140 milliseconds; those patients with an abnormal SAECG faced a nearly fourfold increase in risk.
The finding of a prolonged P-wave duration implies lengthened atrial activation time and depressed atrial conduction. This preoperative observation suggests that patients who develop postoperative AF have an intrinsic atrial electrical abnormality that predisposes to AF. However, AF had not previously occurred in these patients; presumably, the presence of one or more of the many stresses present in the postoperative state triggered the AF.
The pathophysiology of this underlying electrical abnormality cannot be defined from the current investigation. Experimental data suggest that atrial enlargement and hypertrophy create the requisite milieu for AF. 16 The use of P-wave SAECG in this population will need to be confirmed in other populations before these results can be extrapolated. Other high-risk populations, such as patients with valvular heart disease, hypertension, or coronary heart disease, may be suitable candidates.
Conclusions
The SAECG can be used to record P-wave duration. The P-wave duration recorded with the SAECG is a potent, accurate, and independent predictor of AF after cardiac surgery.
